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 -風エネルギー交換の 10 年規模変動(Masuda et al. 
2015) 
 -南半球からの海洋亜表層での熱移流(Imada et al. 
2016) 
 -海表面水温偏差(SSTA)の南北勾配(Maeda et al. 2016; 
Wu et al. 2018) 
 -太平洋数 10 年規模変動(Wang and Hendon 2017) 
 -夏の東風サージ EWS の発生(Min et al. 2015; Hu and 
Fedorov 2016; Chiodi and Harrison 2017) 
 -西風バーストWWBの弱化(Li et al. 2015; Dong and 
McPhaden 2018) 
















した例も報告されている(Gebbie et al. 2007; Lopez et 
al. 2013)。本研究では、こうした季節内擾乱を確率過程










gression, and hence, has an empirical value. To more
fully understand the dynamical regime of the baseline
system, the coupling coefficient can be artificially in-
creased. When the coefficient is 1.5 times the empirical
value, self-sustained regular oscillations are present
(Fig. 2).
The statistical model is an annually averaged one,
which is known to reduce the instability of the coupled
ocean–atmosphere system (e.g., Tziperman et al. 1995),
and therefore the stability regime of ENSO cannot be
reliably estimated when using this representation of the
atmosphere. Stable coupled ocean–atmosphere models
have been shown to describe ENSO well (e.g., Battisti
and Sarachik 1995; Penland and Sardeshmukh 1995;
Kleeman and Moore 1997), and this regime is the ap-
propriate one for studying whether WWBs modulated
by the ocean state can render the basic state unstable.
In the case that the ocean–atmosphere system without
WWBs is already unstable, WWBs will necessarily have
a less dramatic effect (to be discussed more fully later in
this paper).
b. WWB characteristics
The aforementioned linear statistical atmosphere
does not explicitly deal with WWBs. A first question is
whether a part of the WWB signal is captured by the
statistical atmosphere model. To answer this question,
we must first define the WWBs. A number of different
criteria have been used in the literature to identify
WWBs, and here we will explore two definitions: 1) all
instances of westerly wind speed anomalies above 7
m s!1 and sustained above 4 m s!1 for 5 or more days
(Eisenman et al. 2005), and 2) all zonal wind anomalies
above 4 m s!1. Both definitions define the anomaly to
be relative to the seasonal climatology.
Definition 1 identifies 84 WWBs during 1979–2002,
or an average of 3.6 WWBs per year. The composite
WWB has a roughly Gaussian shape in both space and
time, although observed tails in the spatial structure are
generally smaller than those of a Gaussian. By fitting a
Gaussian to the composite WWB by the method of
least squares, we find an estimate for the magnitude,
length and time scale of WWBs. If the WWB zonal
wind stress is expressed as
!WWB"x, y, t# $ M exp!!"t! to#2T2 !"x! xo#2X2 !"y! yo#2Y2 ",
"2#
where (xo, yo) are the center longitude and latitude of
the WWB, and to is the time of peak wind, we find that
M $ 0.07 N m!2, X $ 20° longitude, Y $ 6° latitude,
and T $ 5 days. (The spatial structure of a modeled
WWB is given in the top panel of Fig. 5.) Our findings
are similar to those of Harrison and Vecchi (1997) for
the 1986–1995 period. Of particular importance is the
strength of the composite WWB. The wind measure of
the composite, defined as the time integral of the aver-
age WWB wind speed, is 1.1 % 106 m [cf. to 1.0–1.5 %
106 m of Harrison and Vecchi (1997)]. Another mea-
sure of the strength of a WWB is obtained by integrat-
ing theWWB zonal wind stress over space and time: the
composite WWB imparts an impulse (momentum in-
put) of 145 PN s (petanewton seconds).
Definition 1, like other WWB definitions in the lit-
erature, is somewhat arbitrary. To minimize the arbi-
trariness, we also use definition 2 to identify WWBs: all
anomalous westerlies greater than 4 m s!1. Using this
definition, many WWBs cannot be distinguished as in-
dividual events. The net westward stress of definition 2
between 5°N and 5°S is 510 PN s yr!1, nearly equivalent
to the wind stress imparted by 3.6 WWBs yr!1 in the
first definition. Definition 2 will be used for the remain-
der of this paper because of its simplicity.
Previously, the wind stress field was decomposed
without regard to WWBs; we now explicitly account for
WWBs when decomposing the wind. The new decom-
position includes the WWBs, &WWB, and the non-WWB
wind field, &*, so that the total wind field is &x $
& WWB ' &*. The diagnosed WWBs in the ERA-40 wind
stress field are plotted in the top panel of Fig. 3. The
non-WWB field is then split into a seasonally varying
climatology and a residual, &* $ &* ' &(*. Next, a linear
statistical model is derived using SVD and the linear
regression method of section 2a. Now the non-WWB
wind anomaly field, &(*, is decomposed into the linearly
explained part, & lin* , and the part that is not linearly
related to SST, &nl* (middle and bottom panels, Fig. 3).
Putting everything together, the total wind stress field
has four parts:
!x $ !WWB ' !* ' !*
lin ' !*
nl. "3#
FIG. 2. Niño-3.4 index of numerical simulations with an ocean
general circulation model coupled to a linear statistical atmo-
sphere with empirically determined air–sea coupling coefficients
(dashed) and with coefficient artificially increased by 50%.
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表 1: 式 1 のパラメータ値 
Prameter 説明 値 
M 振幅 0.07N/m2 
T 時間スケール １0 日間 
t0 発生ピーク時間 10 日毎ステップ 
X 東西スケール 20º 
x0 東西ピーク位置 180ºE 
Y 南北スケール 6º 


















図 2: 2014 年 4 月 1 日時点で予測したNino3.4 (ºC)。 
 
(a) (b) (c) (d) (e) (f)
Time-Lon map for 2014 (5S-5N ave., 5daily)
 
図３: 2014 年時について、太平洋赤道域(5ºS-5ºN 平均)
の SST(ºC)と東西風応力(N/m2)の偏差の時間-経度図(５
日 間 の 移 動 平 均 図 ) 。 (a)OISST 観 測 デ ー タ 、 




ルメンバーの結果。(e, f) 2014 年 4 月 1 日時点で予測














本スキームに SST 依存性を持たせた semi-stochasitc 
forcing スキームへ発展させる必要があろう。例えば、太
平洋のwarm pool 域の SST (Gebbie et al. 2007; Lopez 
et al. 2013) や 、エルニーニョ指標 (Gebbie and 
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